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(57) ABSTRACT

A number of variation may include a method that may
include providing a drive system that may deliver a torque
supply to a vehicle. An electric unit may be provided. The
torque supply may be reduced. A torque fill may be initiated
when the torque supply is reduced. The torque fill may be
supplied from the electric unit.
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1
GEAR CHANGE TORQUE FILL STRATEGY

TECHNICAL FIELD

The field to which the disclosure generally relates
includes automotive powertrain systems and more particu-
larly, includes powertrain systems with electric drive units.

BACKGROUND

Conventional automotive vehicles known in the art may
include a powertrain system in rotational communication
with one or more drivelines to propel the vehicle.

SUMMARY OF ILLUSTRATIVE VARIATIONS

A number of illustrative variations may involve a method
that may include providing a drive system that may deliver
a torque supply to a vehicle. An electric unit may be
provided. The torque supply may be reduced. A torque fill
may be initiated when the torque supply is reduced. The
torque fill may be supplied from the electric unit.

A number of other variations may involve a method and
may include providing an axle assembly. A pair of road
wheels may be provided and may be driven by the axle
assembly. A drive system may be provided. A torque supply
may be delivered to the road wheels through the axle
assembly. An electric unit may be provided. A torque fill
may be initiated when the torque supply is reduced. The
torque fill may be supplied from the electric unit.

A number of additional variations may involve a method
and may include providing a first axle assembly. A trans-
mission may be connected to the first axle assembly. An
engine may be provided supplying a torque to the first axle
assembly through the transmission. A first electric unit may
be connected with the first axle assembly. A second axle
assembly may be provided. A second electric unit may be
connected to the second axle assembly. The transmission
may be shifted between gears. The torque may be reduced
when shifting the transmission. Torque fill may be provided
from at least one of the first or second electric units when
shifting the transmission.

Other illustrative variations within the scope of the inven-
tion will become apparent from the detailed description
provided herein. It should be understood that the detailed
description and specific examples, while disclosing varia-
tions within the scope of the invention, are intended for
purposes of illustration only and are not intended to limit the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Select examples of variations within the scope of the
invention will become more fully understood from the
detailed description and the accompanying drawings,
wherein:

FIG. 1 is a schematic plan view of a vehicle powertrain
system including an electric drive unit according to a
number of variations.

FIG. 2 is a graph of engine speed versus time along with
an overlay of torque reduction and torque fill versus time for
part of a vehicle acceleration sequence according to a
number of variations.

FIG. 3 is a graph of vehicle speed versus time according
to a number of variations.
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FIG. 4 is a diagram of a method for torque fill according
to a number of variations.

DETAILED DESCRIPTION OF ILLUSTRATIVE
VARIATIONS

The following description of the variations is merely
illustrative in nature and is in no way intended to limit the
scope of the invention, its application, or uses.

In a number of variations as illustrated in FIG. 1, a vehicle
10 may include a first pair of wheels 12 and 14 which may
be connected to an axle assembly 16. The axle assembly 16
may be the front axle of a multi-axle vehicle, or may be
another axle. The wheels 12 and 14 may be referred to as
road wheels in that they may contact the surface upon which
the vehicle 10 may operate, and may provide rolling support
to assist with movement of the vehicle 10 relative to the
surface. The axle assembly 16 may include a first axle shaft
18 connected to the wheel 12 and a second axle shaft 20
connected to the wheel 14. The associated vehicle 10 may
include any number of drivelines with any suitable number
of wheels in other variations.

In a number of variations the axle shafts 18 and 20 of the
axle assembly 16 may be operatively connected with a drive
system 21 that may include a powertrain system 22. The
powertrain system 22 may be operated to supply torque,
which may be used to drive the wheels 12 and 14. The
powertrain system 22 may be realized as a number of power
plant options and as an example may include a convention
internal combustion engine 24 that may be in rotational
communication with a transmission 26. The transmission 26
may be an automatic, automated manual, dual clutch, or
another type. The engine 24 may generate rotational torque
which may be translated to the transmission 26 which, in
turn, may translate rotational torque to the pair of road
wheels 12 and 14. The transmission 26 may transfer the
rotational speed and torque generated by the engine 24 at
various gear ratios and may translate rotation to the road
wheels 12 and 14 to so as to drive the vehicle in operation.
The engine 24 and the transmission 26 of the powertrain
system 22 may be of the type employed in conventional
transverse front wheel drive powertrain systems. In other
variations the engine 24 and/or the transmission 26 may be
of any suitable type, configured in any suitable way suffi-
cient to generate and translate rotational torque to the wheels
12 and 14. In a number of variations the powertrain system
22 may be configured differently, or even omitted entirely. In
a number of variations the powertrain system 22 may
employ a hybrid approach whereby rotational torque trans-
lated to the wheels 12 and 14 may be generated by the engine
24 as well as by one or more electric units 28.

In a number of variations the electric unit 28 may be an
integrated system for electrical generation and boosting
wherein the electric unit 28 may be connected with the axle
assembly 16, through the transmission 26, or directly. The
electric unit 28 may be rotated by the axle assembly 16, such
as during a regenerative braking event, to generated elec-
tricity, and as such may act as a generator. The electric unit
28 may be powered by an electric source such as a battery
30 to supply torque to the axle assembly 16. In supplying
torque, the electric unit 28 may assist the engine 24 in
driving the wheels 12 and 14, or may operate to drive the
wheels 12 and 14 without the engine 24 such as during a
vehicle launch event. In a number of variations the electric
unit 28 may be as described in U.S. patent application Ser.
No. 14/811,880 titled Two Motor e-Assist AWD, filed Jul.
29, 2015, which is commonly assigned and which is spe-
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cifically incorporated herein by reference. In a number of
variations the electric unit 28 may be of another suitable
type. The electric unit 28 may include an electric machine 32
which may be a motor or may be a motor-generator, or may
be another type of electric machine to power the electric unit
28, and if desired to provide charging.

In a number of variations the vehicle 10 may include a
drive unit 31 that may include an auxiliary powertrain
system 33. The auxiliary powertrain system 33 may be
associated with an axle assembly 40. As illustrated in FIG.
1, the axle assembly 40 may include an electric unit 34. The
electric unit 34 may be connected with a pair of road wheels
42 and 44. The axle assembly 40 may be the rear axle of a
multi-axle vehicle, or may be another axle. The axle assem-
bly 40 may include a first axle shaft 41 connected to the
wheel 42 and a second axle shaft 43 connected to the wheel
44. Each of the axle shafts 41 and 43 may be connected to
the electric unit 34. In a number of variations the electric unit
34 may be used in connection with any suitable type of
vehicle powertrain system, with or without the use of a
conventional internal combustion engine 24. The electric
unit 34 may be rotated by the axle assembly 40, such as
during a regenerative braking event, to generated electricity,
and as such may act as a generator. The electric unit 34 may
be powered by an electric source such as a battery 30 to
supply torque to the axle assembly 40. In supplying torque,
the electric unit 34 may assist the powertrain system 22 in
propelling the vehicle or may operate separately. In a
number of variations the electric unit 34 may be as described
in U.S. patent application Ser. No. 14/824,675 titled E-As-
sist With Torque Vectoring, filed Aug. 12, 2015 which is
commonly assigned and which is specifically incorporated
herein by reference. In other variations another type of
electric unit may be used. The electric unit 34 may include
an electric machine 36 which may be a motor or may be a
motor-generator, or may be another type of electric machine
to power the electric unit 28 and if desired, to provide battery
charging.

In a number of variations both the powertrain system 22
and the auxiliary powertrain system 33 may be realized as
independent electric drive units. In a number of variations
the powertrain systems 22 and 33 may be adapted for use
with automotive passenger vehicles or with any suitable type
of vehicle, such as heavy-duty trucks, trains, airplanes,
ships, construction vehicles or equipment, military vehicles,
recreational vehicles, or any other type of vehicle that may
benefit from electrically-powered torque generation. In a
number of variations the electric machines 32 and 36 may be
of any suitable type or configuration sufficient to generate
rotational torque using power from the battery 30. In a
number of variations the powertrain system 22 may act to
generate and translate rotational torque only to the first pair
of'road wheels 12 and 14 of the axle assembly 16. Similarly,
in a number of variations the auxiliary powertrain system 33
may act to deliver rotational torque only to the second pair
of road wheels 42 and 44 of the axle assembly 40.

In a number of variations the vehicle 10 may include a
controller 48 that may be a number of controllers and that
may be connected with each of the engine 24, the electric
unit 28, the transmission 26, the battery 30 and the electric
unit 34. Methods, algorithms, or parts thereof may be
implemented in a computer program product of the control-
ler 48 including instructions or calculations carried on a
computer readable medium for use by one or more proces-
sors to implement one or more of the method steps or
instructions. The computer program product may include
one or more software programs comprised of program
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instructions in source code, object code, executable code or
other formats; one or more firmware programs; or hardware
description language (HDL) files; and any program related
data. The data may include data structures, look-up tables, or
data in any other suitable format. The program instructions
may include program modules, routines, programs, objects,
components, and/or the like. The computer program may be
executed on one processor or on multiple processors in
communication with one another.

In a number of variations, the program(s) may be embod-
ied on computer readable media, which can include one or
more storage devices, articles of manufacture, or the like.
Tlustrative computer readable media may include computer
system memory, e.g. RAM (random access memory), ROM
(read only memory); semiconductor memory, ¢.g. EPROM
(erasable, programmable ROM), EEPROM (electrically
erasable, programmable ROM), flash memory; magnetic or
optical disks or tapes; and/or the like. The computer readable
medium also may include computer to computer connec-
tions, for example, when data may be transferred or pro-
vided over a network or another communications connection
(either wired, wireless, or a combination thereof). Any
combination(s) of the above examples is also included
within the scope of the computer-readable media. It is
therefore to be understood that methods may be at least
partially performed by any electronic articles and/or devices
capable of executing instructions corresponding to one or
more steps of the disclosed methods. In a number of
variations the controller 38 may produce signals that may be
delivered the engine 24 and may set the operational state
and/or speed thereof. The controller 38 may produce signals
to set the operational state of each of the transmission 26,
electric unit 28 and electric unit 34.

In a number of variations operation of the vehicle 10 with
propulsion supplied by the engine 24 through the transmis-
sion 26 may be described with reference to FIG. 2, and
specifically to curves 50 and 52 thereof. With reference to
curve 50, FIG. 2 charts revolutions per minute (RPMs) of the
engine 24 on the vertical axis 54 versus time from launch in
seconds on the horizontal axis 56. Curve 50 begins with idle
speed at zero time and rises following launch of the vehicle
10 moving away from zero time in first gear of the trans-
mission 26 with a localized peak at point 58. At point 58 a
gear upshift from first gear to second gear of the transmis-
sion 26 may be initiated. In coordination with the upshift, the
speed of the engine 24 may be reduced as illustrated by
curve segment 60 which has a downward slope from point
58. This drop in speed may be initiated via an engine 24
torque reduction request from the controller 48 which results
in the speed reduction charted by curve segment 60. When
the transmission 26 has completed the shift from first to
second gear the curve 50 may turn upward from point 62 as
speed of the engine 24 increases with the transmission 26 in
second gear. The curve 50 may experience another localized
peak at point 64 where a gear upshift from second gear to
third gear of the transmission 26 may be initiated. In
coordination with the upshift, the speed of the engine 24
may be reduced as illustrated by curve segment 65 which has
a downward slope from point 64. This may be initiated via
an engine 24 torque reduction request from the controller 48
which results in the speed reduction charted by curve
segment 65. When the transmission 26 has completed the
shift from second to third gear the curve 50 may turn upward
from point 67 as speed of the engine 24 increases with the
transmission 26 in third gear. For illustration purposes, only
two gear shift events are shown, it being understood that
operation of the engine 24 may proceed through higher
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speed gear upshifts, or may slow and may require down-
shifts depending on the driving environment.

With reference to curve 52, in a number of variations
torque output from the engine 24 is shown graphed in
Newton-meters on the vertical axis versus time in seconds
on the horizontal axis. Torque may be represented by a
baseline value at 68 representative of the baseline torque
delivered by the engine 24 as needed to propel the vehicle
10. Actual torque values may vary during acceleration but
for simplicity the baseline representation is shown as a
consistent value. The vertical axis represents changes in
torque from the baseline represented as zero change. Cor-
responding in time with point 58 of the curve 50, a torque
reduction request from the controller 48 to the engine 24
may also result in a drop in torque as illustrated by segment
70 of the curve 52. As the gear upshift from first gear to
second gear is carried out, the torque reduction request may
be ended at point 72 and torque may return to the baseline
at point 74 and may continue as the engine speed increases.
Corresponding in time with point 64 of the curve 50, a
torque reduction request from the controller 48 to the engine
24 may also result in a drop in torque as illustrated by
segment 76 of the curve 52. As the gear upshift from first
gear to second gear is carried out, the torque reduction
request may be ended at point 78 and torque may return to
the baseline at point 79 and may continue as the engine
speed increases.

In a number of variations the electric unit 28 may be
operated by the controller 48 in coordination with requests
for torque reduction from the engine 24. As illustrated by
curve 80, torque supplied by the electric unit 28 may be zero
until a point in time corresponding with point 58 on curve 50
and indicated by reference numeral 82. The controller 48
may operate the electric unit 28 to supply torque to the axle
assembly 16 to offset the torque reduction incurred due to
the torque reduction from the engine 24 during the upshift
from first to second gear. A torque peak 84 supplied by the
electric unit 28 corresponds with the point 72 of curve 52.
Torque supplied by the electric unit 28 may be reduced from
point 84 and may return to zero at a point in time corre-
sponding with point 62 of curve 50 when torque supplied by
the engine 24 has returned to baseline. Torque supplied by
the electric unit 28 may remain at zero until another upshift
event may occur such as at point 64 of curve 50. The
controller 48 may operate the electric unit 28 to supply
torque to the axle assembly 16 to offset the torque reduction
incurred due to the torque reduction from the engine 24
during the upshift from second to third gear. A torque peak
86 supplied by the electric unit 28 corresponds with the point
78 of curve 52. Torque supplied by the electric unit 28 may
be reduced from point 86 and may return to zero at a point
in time corresponding with point 67 of curve 50 when torque
supplied by the engine 24 has returned to baseline. The
torque supplied by the electric unit 28 may be said to fill the
torque reduction from the engine 24 that is incurred to
facilitate shifting of the transmission 26. In a number of
variations the electric unit 34 may be operated to participate
in torque fill along with, or in place of the electric unit 28.
For example, if an ongoing operational event of the vehicle
10 has initiated operation of the electric unit 34 prior to
initiation of a torque reduction of the engine 24, the electric
unit 34 may supply the fill torque. In other examples, if the
torque reduction from the engine 24 is greater than the
torque that can be supplied by the electric unit 28, the
electric unit 34 may be operated to provide supplement
torque. In a number of variations the electric unit 28 may
provide torque fill for mode changes in the auxiliary pow-
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6

ertrain system 33. For example, when the electric unit 34 is
operated by the controller 48 in an e-assist mode, the electric
unit 28 may be operated during torque dips, such as may
occur when the auxiliary powertrain system 33 shifts
between high and low modes.

In a number of variations as illustrated in FIG. 3, the
speed of the vehicle 10 may be represented in such as, miles
per hour on the vertical axis versus time in seconds on the
horizontal axis. Curve 82 may represent speed of the vehicle
10 with torque supplied solely from the engine 24, without
the use of torque fill from the electric units 28, 34. The speed
may increase during acceleration of the vehicle 10 from time
zero onward, with the exception of speed dips at points 84
and 86. The speed dip 84 may correspond with a shift of the
transmission 26 from first to second gear. Similarly, the
speed dip 86 may correspond with a shift of the transmission
26 from second to third gear. In a number of variations the
curve 88 may represent speed of the vehicle 10 with torque
supplied from the engine 24, and with the use of torque fill
from the electric units 28 and/or 34. The speed may con-
tinually increase without perceptible speed dips, including
during shifts of the transmission 26. In addition, with torque
fill, vehicle performance may be improved and perceptible
drops in acceleration may be minimized or eliminated.

In a number of variations as illustrated in F1G. 4, a method
100 may be carried out in the controller 48 and may be
initiated at step 102 when a torque fill event is incipient or
initiated, such as a deliberate torque reduction in the engine
24 or in the electric unit 34. The method 100 may proceed
to step 104 where a determination may be made of whether
the torque fill need is to offset a torque reduction in the
electric unit 34. If the determination is positive, the method
100 may proceed to step 106 where electric unit 28 may be
operated to supply torque to offset the torque reduction
incurred by electric unit 34. The method 100 may proceed to
step 108 and when the torque fill event is complete the
method 100 may end at step 110.

Returning to step 104, if the determination is negative,
meaning torque fill may be needed to offset a torque reduc-
tion from the engine 24, the method 100 may proceed to step
112. At step 112 a determination may be made as to whether
the auxiliary powertrain 33 is operating. For example, the
auxiliary powertrain 33 may be operating to affect dynamics
of the vehicle 10, to provide propulsion at the wheels 42, 44,
or for other uses. If the auxiliary powertrain 33 is operating,
the method 100 may proceed to step 114 where the torque
supplied by electric unit 34 may be increased to supply the
torque fill need. The method 100 may proceed to step 116
where a determination may be made as to whether the
electric unit 34 is capable of supplying enough torque to fill
the torque need. For example, the torque reduction may be
compared to the current torque output of the electric unit 34
and its rated maximum torque output. If the determination is
negative, the method 100 may proceed to step 118 where the
electric unit 28 may be operated to supplement the torque
supplied by the electric unit 34 in filling the torque need. If
the determination at step 116 is positive, the method 100
may proceed to step 120. Also, from step 118 the method
100 may proceed to step 120. At step 120, once the torque
fill event is complete the method 100 may end at step 110.

Returning to step 112, if the determination is negative and
the auxiliary powertrain is not operating, the method 100
may proceed to step 122 where the electric unit 28 may be
operated to supply the torque fill need. The method 100 may
proceed to step 124 where a determination may be made as
to whether the electric unit 28 is capable of supplying
enough torque to fill the torque need. If the determination is
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negative, the method 100 may proceed to step 126 where the
electric unit 34 may be operated to supplement the torque
supplied by the electric unit 28 in filling the torque need. If
the determination at step 124 is positive, the method 100
may proceed to step 128. Also, from step 126 the method
100 may proceed to step 128. At step 128, once the torque
fill event is complete the method 100 may end at step 110.

The following description of variants is only illustrative
of components, elements, acts, product and methods con-
sidered to be within the scope of the invention and are not
in any way intended to limit such scope by what is specifi-
cally disclosed or not expressly set forth. The components,
elements, acts, product and methods as described herein may
be combined and rearranged other than as expressly
described herein and still are considered to be within the
scope of the invention.

Variation 1 may involve a method that may include
providing a drive system that may deliver a torque supply to
a vehicle. An electric unit may be provided. The torque
supply may be reduced. A torque fill may be initiated when
the torque supply is reduced. The torque fill may be supplied
from the electric unit.

Variation 2 may include a method according to variation
1 and may include providing a transmission through which
the drive system may deliver the torque supply to the
vehicle. A gear shift of the transmission may be initiated
when the torque supply is reduced.

Variation 3 may include a method according to variation
1 and may include providing a second electric unit. A mode
shift may be initiated in the second electric unit when the
torque supply is reduced.

Variation 4 may include a method according to variation
1 and may include providing a second electric unit. Whether
the second electric unit is operating may be determined
when the torque supply is reduced. The torque fill may be
provided from the second electric unit.

Variation 5 may include a method according to variation
1 and may include providing a second electric unit. Whether
the electric unit is capable of supplying the torque fill may
be determined. When the electric unit is not capable of
supplying the torque fill, the torque fill may be supplemented
from the second electric unit.

Variation 6 may include a method according to variation
1 and may include providing a second electric unit. Whether
the second electric unit is operating may be determined
when the torque supply is reduced. The torque fill may be
supplied from the second electric unit. Whether the second
electric unit is capable of supplying the torque fill may be
determined. When the second electric unit is not capable of
supplying the torque fill, the torque fill may be supplemented
from the electric unit.

Variation 7 may include a method according to variation
1 and may include providing a powertrain system. An engine
may be provided in the powertrain system. A transmission
may be provided in the powertrain system through which the
engine may deliver the torque supply to the vehicle. The
electric unit may be connected with the transmission.

Variation 8 may include a method according to variation
7 and may include providing an auxiliary powertrain system.
A second electric unit may be provided in the auxiliary
powertrain system. The torque fill may be supplied from at
least one of the electric unit or the second electric unit.

Variation 9 may involve a method and may include
providing an axle assembly. A pair of road wheels may be
provided and may be driven by the axle assembly. A drive
system may be provided. A torque supply may be delivered
to the road wheels through the axle assembly. An electric
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unit may be provided. A torque fill may be initiated when the
torque supply is reduced. The torque fill may be supplied
from the electric unit.

Variation 10 may include a method according to variation
9 and may include providing a transmission through which
the drive system may deliver the torque supply to the
vehicle. A gear shift of the transmission may be initiated
when the torque supply is reduced.

Variation 11 may include a method according to variation
9 and may include providing a second electric unit. A mode
shift may be initiated in the second electric unit when the
torque supply is reduced.

Variation 12 may include a method according to variation
9 and may include providing a second electric unit. Whether
the electric unit is capable of supplying the torque fill may
be determined. When the electric unit is not capable of
supplying the torque fill, the torque fill may be supplemented
from the second electric unit.

Variation 13 may include a method according to variation
9 and may include providing a powertrain system. An engine
may be provided in the powertrain system. A transmission
may be provided in the powertrain system through which the
engine may deliver the torque supply to the vehicle. The
electric unit may be connected with the transmission.

Variation 14 may include a method according to variation
13 and may include providing an auxiliary powertrain
system. A second electric unit may be provided in the
auxiliary powertrain system. The torque fill may be provided
from at least one of the electric unit or the second electric
unit.

Variation 15 may involve a method and may include
providing a first axle assembly. A transmission may be
connected to the first axle assembly. An engine may be
provided supplying a torque to the first axle assembly
through the transmission. A first electric unit may be con-
nected with the first axle assembly. A second axle assembly
may be provided. A second electric unit may be connected
to the second axle assembly. The transmission may be
shifted between gears. The torque may be reduced when
shifting the transmission. Torque fill may be provided from
at least one of the first or second electric units when shifting
the transmission.

What is claimed is:

1. A method comprising providing a drive system deliv-
ering a torque supply to a vehicle, providing an electric unit,
reducing the torque supply, initiating a torque fill when the
torque supply is reduced, and supplying the torque fill from
the electric unit, providing a second electric unit, determin-
ing whether the second electric unit is operating when the
torque supply is reduced, and supplying the torque fill from
the second electric unit.

2. The method according to claim 1 further comprising
providing a transmission through which the drive system
delivers the torque supply to the vehicle, and initiating a gear
shift of the transmission when the torque supply is reduced.

3. The method according to claim 1 further comprising
initiating a mode shift in the second electric unit when the
torque supply is reduced.

4. The method according to claim 1 further comprising
initiating a mode shift in the second electric unit between a
high mode and a low mode, and providing the torque fill
from the electric unit during the mode shift.

5. The method according to claim 1 further comprising
determining whether the electric unit is capable of supplying
the torque fill, and when the electric unit is not capable of
supplying the torque fill, supplementing the torque fill from
the second electric unit.
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6. The method according to claim 1 further comprising
providing a powertrain system, providing an engine in the
powertrain system, providing a transmission in the pow-
ertrain system through which the engine delivers the torque
supply to the vehicle, and connecting the electric unit with
the transmission.

7. The method according to claim 6 further comprising
providing an auxiliary powertrain system, and providing the
second electric unit in the auxiliary powertrain system.

8. A method comprising providing a drive system deliv-
ering a torque supply to a vehicle, providing an electric unit,
reducing the torque supply, initiating a torque fill when the
torque supply is reduced, and supplying the torque fill from
the electric unit, providing a second electric unit, determin-
ing whether the second electric unit is operating when the
torque supply is reduced, supplying the torque fill from the
second electric unit, determining whether the second electric
unit is capable of supplying the torque fill, and when the
second electric unit is not capable of supplying the torque
fill, supplementing the torque fill from the electric unit.

9. A method comprising providing an axle assembly,
providing a pair of road wheels driven by the axle assembly,
providing a drive system delivering a torque supply to the
road wheels through the axle assembly, providing an electric
unit, initiating a torque fill when the torque supply is
reduced, and supplying the torque fill from the electric unit,
providing a second electric unit, determining whether the
electric unit is capable of supplying the torque fill, and when
the electric unit is not capable of supplying the torque fill,
supplementing the torque fill from the second electric unit.

10. The method according to claim 9 further comprising
providing a transmission through which the drive system
delivers the torque supply to the vehicle, and initiating a gear
shift of the transmission when the torque supply is reduced.

11. The method according to claim 9 further comprising
initiating a mode shift in the second electric unit when the
torque supply is reduced.

12. The method according to claim 9 further comprising
initiating a mode shift in the second electric unit between a
high mode and a low mode, and providing the torque fill
from the electric unit during the mode shift.

13. The method according to claim 9 further comprising
providing a powertrain system, providing an engine in the
powertrain system, providing a transmission in the pow-

10

15

20

25

30

35

40

10

ertrain system through which the engine delivers the torque
supply to the vehicle, and connecting the electric unit with
the transmission.

14. The method according to claim 13 further comprising
providing an auxiliary powertrain system, and providing the
second electric unit in the auxiliary powertrain system.

15. A method comprising providing a first axle assembly,
connecting a transmission to the first axle assembly, provid-
ing an engine supplying a torque to the first axle assembly
through the transmission, connecting a first electric unit with
the first axle assembly, providing a second axle assembly,
connecting a second electric unit to the second axle assem-
bly, shifting the second axle assembly between a high mode
and a low mode, and providing a torque fill from at least one
of the first or second electric units when shifting the second
axle assembly between the high mode and the low mode.

16. The method according to claim 15 comprising shifting
the transmission between gears, reducing the torque when
shifting the transmission, and providing the torque fill when
shifting the transmission.

17. A method comprising providing an axle assembly,
providing a pair of road wheels driven by the axle assembly,
providing an engine to deliver a first torque supply to the
road wheels through the axle assembly, providing an electric
unit to deliver a second torque supply, determining whether
a reduction in the first torque supply is incipient or initiated,
determining whether a torque reduction in the second torque
supply is incipient or initiated, and initiating a torque fill
when either the first or second torque supply is reduced, and
supplying the torque fill from the electric unit.

18. The method according to claim 17 comprising pro-
viding a second axle assembly, and delivering the second
torque supply to the second axle assembly.

19. The method according to claim 17 comprising pro-
viding a second axle assembly, providing a second electric
unit, and delivering the second torque supply to the second
axle assembly from the second electric unit.

20. The method according to claim 17 comprising pro-
viding a second axle assembly, providing a second electric
unit, delivering the second torque supply to the second axle
assembly from the second electric unit, and providing the
torque fill from both the first and second electric units.
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